The CYP17A1 gene encodes for cytochrome P450 enzyme CYP17A1, which is involved with the steroidogenic pathway including mineralocorticoids. The CYP17A1 polymorphisms might affect enzyme activity, then leading to a state of mineralocorticoid 11-deoxycorticosterone excess characterized by hypertension, suppressed plasma renin activity, and low aldosterone concentrations. The aim of this study was to investigate the contribution of CYP17A1 polymorphisms in inducing the susceptibility to essential hypertension among the Southwest Han Chinese population.
The CYP17A1 gene is mapped in the chromosome 10q24.32, which spans 8673 bp, including eight exons and seven introns, and is expressed in both adrenals and gonads [26] . This gene produces the P450c17 protein, a key enzyme in the steroidogenic pathway that generates 17a-hydroxylase and 17,20-lyase [26, 27] . Indeed, polymorphisms in this gene would cause the deficiency of 17a-hydroxylase (17-OHD) [28] [29] [30] [31] [32] . A deficiency in CYP17A1 enzyme activity would induce the congenital disorders, characterized with sexual infantilism, hypertension, and abnormal levels of the renin-angiotensin-aldosterone system (RAAS) components [33] . On account of the accumulation of 11-deoxycorticosterone and corticosterone, almost all patients with 17OHD experienced hypertension or hypokalemia [34] , strongly suggesting that the deficiency in CYP17A1 enzyme activity could have impacts on the pathogenesis of hypertension.
In this case-control study, we aimed to assess the association between the CYP17A1 polymorphisms and essential hypertension among the Han Chinese population in Yunnan province, attempting to provide a new insight into the biology of BP regulation and the impact on public health and clinical care.
Material and Methods

Study population
Each subject of the Southwestern Han Chinese population was a resident of Yunnan province. The samples, which consisted of 510 patients with EH, were enrolled in the hypertension clinic of the Third People's Hospital and Kunming Yan'an Hospital. The group of patients met the 1999 World Health Organization criteria (WHO/ISH criteria) for hypertension (defined as an SBP ³140 mm Hg and/or a DBP ³90 mm Hg) [35] . Patients diagnosed with secondary hypertension, cerebrovascular accident, myocardial infarction, or other serious diseases were ruled out. As a control population, 510 subjects unrelated to the patients were randomly selected from healthy examined people in the Third People's Hospital and Kunming Yan'an Hospital. The control population were without any history of chronic diseases and were based on comparable gender-and age-matched hypertensive counterparts. These individuals had normal BP (defined as SBP <120 mm Hg and DBP <80 mm Hg) and no history of receiving antihypertensive medication. The whole group provided written informed consent to participate in the study, and the consent authorization for publication was on file. This study was approved by the ethics committee of the School of Medicine of Yunnan University, and was performed in accordance with the principles of Declaration of Helsinki.
Clinical measurements
For the sample collection, questionnaires were used to collect information involved with the history of hypertension, medications, and anthropometric parameters of patients. After at least 30 minutes of rest, measurements were performed by using standard mercury sphygmomanometers on the right arm of subjects in the sitting position. SBP was determined by the onset of the "tapping" Korotkoff sound and DBP by the fourth Korotkoff sound. The BP measurements were performed at 5-minute intervals 3 times, and the average value was used for analysis.
Selection of single nucleotide polymorphisms (SNPs)
The common SNPs (minor allele frequency [MAF] >1%) of CYP17A1 were obtained from the Han Chinese data set of the International HapMap Consortium (http://www.hapmap.org/index.html.ja). The tag SNPs were screened under the standard of r 2 ³0.8 by using Haploview4.1 software (http://www.broad.mit.
edu/mpg/haploview).
Seven tag SNPs (rs743572, rs1004467, rs4919687, rs755443, rs3740397, rs4919686, rs762563) and another well-studied polymorphism (rs11191548) were selected (Table 1) for this study. The CYP17A1 gene structure and relative location of these eight SNPs are shown in Figure 1 .
Genotyping
Genomic deoxyribonucleic acid (DNA) samples were extracted from the peripheral blood leukocytes of the subjects by the phenol-chloroform method and then stored at -70°C. The genotypes of eight SNPs were examined by the method of polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) analysis among all 1020 subjects. The information about the primer sequences and the restriction enzymes applied for the genotyping is shown in Table 2 . The genotyping call rates for all eight SNPs were 98.9% (1009/1020).
To guarantee the accuracy of genotyping, 50 randomly selected samples were repeated for each SNP, and 100% concordance was observed between the results of the two tests. In addition, 50 samples were randomly selected for direct sequencing, and 100% concordance was observed between these two genotyping methods.
Statistical analysis
The quantitative variables and categorical variables were expressed as the mean ± standard deviation and percentages, respectively. The Hardy-Weinberg equilibrium analyses for each SNP were calculated by using the chi-square test (c 2 test). The rs1004467 and rs762563 were ruled out for the further analyses, because they were not in the Hardy-Weinberg equilibrium P<0.001. The rs755443 was also ruled out for the further analyses, because the frequency of AA genotype for this polymorphism was close to be 0, leading to the inaccurate results. The analysis of covariance (ANCOVA) was used to compare the differences in BP levels among different genotype and allele groups with age, sex, and body mass index (BMI) as covariates. Logistic regression analysis was applied to test the association between each SNP and hypertension risk. In genetic model analyses (co-dominant, dominant, recessive, overdominant, and additive), the minor allele of each SNP was regarded as the risk factor, and each analysis was adjusted by age, gender, and BMI. Linkage disequilibrium (LD) analysis was performed in the case and control groups using SHEsis software online (http://analysis.bio-x.cn/myAnalysis.php). To explore whether these five variants had combined effects on hypertension, haplotype analysis was also performed by using SHEsis software. The Bonferroni correction was applied to assess the probability of a spurious association by multiple comparisons (P<0.05/5). A 2-tailed probability value of P<0.05 was considered as statistically significant. All analyses were carried out by using SPSS (version 16.0; SPSS Inc., Chicago, Illinois, USA) and adjusted for age, sex, and BMI.
Bioinformatics analysis
P-match is a kind of functional prediction tool (http://www.generegulation.com/cgi-bin/pub/programs/pmatch/bin/pmatch.cgi), which is used to predict the effects of polymorphisms on the sequence structures of potential binding sites for transcription factors (TFs). This software is involved with a library of mononucleotide weight matrices as well as sets of aligned known TF binding sites from TRANSFACR. The available TF binding sites around the SNPs localized in the promoter and intron region of the target gene are considered in this software.
Human splicing finder (HSF) software, a kind of Bioinformatics tool (http://www.umd.be/HSF/), is used to predict the effects of mutations on splicing signals and to identify splicing motifs in any human sequence. This software contains all the genes and alternative transcripts, as well as intronic sequences extracted from the Ensembl human genome database, to study the potential effects of SNPs on splicing. 
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Results
Population characteristics
The general characteristics of the study subjects are summed up in Table 3 . The distribution of age and gender showed no significant difference between the case and control groups, whereas the BP and BMI levels were significantly higher in the patient group than in the control group. As the development of hypertension would be affected by multiple confounding factors, the confounding factors (including gender, age, and BMI) were adjusted as covariants in the further analyses.
The genotype distributions of eight SNPs in the case-control groups are described in Table 4 . Of the eight variants examined in the total population, six showed no indication of a deviation from Hardy-Weinberg equilibrium in normotensive controls (P>0.05). Because the minor allele frequency of rs755443 was 0 in the control group, leading to the inaccurate results for analysis, this SNP was also ruled out for the further analysis. Genotyping was successfully done for 504 out of the 510 (98.8%) EH patients and for 505 out of the 510 (99.0%) controls.
Single-site analyses
The results of single-site analyses for the five SNPs localized in the CYP17A1 region are shown in Tables 5-7 . The minor allele-T rate of rs4919687 (P=0.0202, OR=1.283) was found to be significantly greater in the patient group than in the control group, and the minor allele-T of rs4919687 (mean difference [MD]=3.045, P=0.0106) was also found to be significantly associated with increased SBP levels. However, the minor allele-C frequency of rs11191548 (P=0.0002, OR=0.675) was found to be significantly smaller in the patient group than in the control group, and the minor allele-C of rs11191548 was also found to be significantly associated with decreased BP levels (MD SBP =-3.354, P SBP =0.0041, MD DBP =-1.917, P DBP =0.0066) ( Table 5 ).
The differences in BP levels among the groups with different genotypes were analyzed by ANCOVA with multiple comparison correction, and the results are shown in Table 6 . Via adjusting for age, gender, and BMI, the SBP level of the subjects with CT+TT genotype of rs4919687 was significantly higher than that of the subjects with CC genotype (P SBP =0.002), before or after Bonferroni correction. Indeed, the carriers with T alleles had higher SBP levels compared with those with the CC Table 5 . The associations between minor-alleles of CYP17A1 SNPs and the risk of EH and BP levels.
SBP -systolic blood pressure; DBP -diastolic blood pressure; MAF -minor allele frequency; MD -mean difference. MD and 95% confidence intervals (CI) were analyzed by ANCOVA between the groups with different alleles; odds ratio (OR) and 95% CI were analyzed by logistic regression between the case and control groups; p<0.05 was considered statistical significance. * 1 represented major allele, 2 represented minor allele; ** adjusted for sex, age and BMI; *** indicated that the p-value remained significant after Boferroni correction (p<0.05/5).
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genotype, which implied that individuals who carried the T allele of rs4919687 might be more susceptible to EH. Although there was a significant association of rs11191548 polymorphism (P SBP =0.038, P DBP =0.037) with SBP and DBP levels, these positive correlations did not exist after Bonferroni correction.
In order to find a comprehensive view of the effects mediated by the genetic factors on the development of EH, different genetic models were used to identify the associations between these polymorphisms and the risk of EH (Table 7) . After adjustment by age, sex, and BMI, the SNP rs4919687 was found to be significantly associated with hypertension risk (dominant: OR=1.47, 95% CI=1. 
Linkage disequilibrium analysis
Linkage disequilibrium (LD) analysis demonstrated that two SNPs (rs11191548 and rs4919687) were in LD in both control (/D'/=0.82) and case (/D'/=0.92) groups (Figures 2, 3 ).
Bioinformatics analyses
Seven SNPs (including rs11191548, rs743572, rs4919687, rs755443, rs1004467, rs3740397, and rs4919686) excluding the exonic polymorphisms of the CYP17A1 gene were further analyzed for the influence on the sequence structures of TF binding sites by p-match. The results indicated that the sequence (AGGCAGGTACCTG) containing the major allele G of rs4919687 (c.298-99C>T) could be captured by the TF AREB6, while the sequence (AGGCAAGTACCTG) containing the minor allele A of rs4919687 could not be captured by the TF AREB6, suggesting that the single nucleotide substitution of G®A at position 298-299 in intron 1 of the CYP17A1 gene could change the sequence structure of the TF binding site. No TF binding site was found around the loci rs11191548, rs743572, rs755443, rs3740397, and rs4919686.
These SNPs (rs762563, rs4919687, rs755443, rs1004467, rs3740397, rs4919686) localized in the exons or introns of the CYP17A1 gene were also analyzed for the effects on the pro- 
Haplotype analyses
The summarized results of haplotype analyses for the combined effect of rs4919686, rs3740397, rs4919687, rs743572, and rs11191548 in the Yunnan Han Chinese population are shown in constructed, but only eight of them had a frequency above 1% in the case and control groups. The results showed that the frequency of haplotype 1 (H1 ACCTT) was higher than that of the other haplotypes. Thus, taking H1 as a reference, the relative risk of EH related to different haplotypes was evaluated by logistic analyses. After adjusting for sex, age, and BMI, H2 AGCCC (P=0.0014, OR=0.68) displayed a significant association with decreased risk of EH; the H6 AGTCT (P=0.0013, OR=4.27) had a significant association with increased risk of EH. These results remained statistically significant via Bonferroni corrections.
Discussion
Hypertension is a main factor causing high rates of global morbidity and mortality [1] . The CYP17A1 gene is emerging as a risk factor for EH [33, 34] . Since there are limited data on the CYP17A1 genetic determinants of EH for the patients among the Han Chinese population in Yunnan province, our study sought to determine the contribution of eight SNPs localized in the CYP17A1 gene region (including rs743572, rs1004467, rs4919687, rs755443, rs3740397, rs4919686, rs762563, and rs11191548) in inducing susceptibility to EH in this population. We found that (1) among the Chinese Han population in Yunnan province the rs11191548 and rs4919687 SNPs were significantly associated with EH, and these two polymorphisms were found in linkage disequilibrium; (2) in the bioinformatics analyses, the rs4919687 polymorphism was found to cause the destruction of exonic splicing silencer (including ESR and Motif 3) sites and to transform the sequence structure of the transcription factor AREB6 binding site, respectively, thereby functionally affecting the expression level Several reports have investigated the relationship of the rs11191548 polymorphism (g.111886A>G) to the development of EH among different populations. Most of those studies claimed that the T allele of rs11191548 might be a risk factor for EH. Two large-scale GWAS studies among European ancestry from the Global BPgen consortium and CHARGE consortium identified that the allele-T of rs11191548 was significantly associated with increased hypertension risk and BP levels [10, 12] . An associated study conducted in Europeans also found that minor alleles-C of rs11191548 were associated with a lower probability of orthostatic hypotension [18] . Research among Japanese [13] and Korean [15] populations indicated that individuals carrying the allele-T of rs11191548 experienced significantly increased BP levels and hypertension risk compared to the respective non-carriers. A recent hypertension study among East Asians also exhibited the significant association between the T-allele of this polymorphism and the increased hypertension risk and BP levels [20, 22, 24] . However, other related studies Table 8 . Associations between the CYP17A1 gene haplotypes and the hypertension risk in this population.
CI -confidence interval; OR -odds ratio; SNP -single-nucleotide polymorphism. Note: The SNP order of constructing haplotype was as follows: rs4919686(A/C), rs3740397(C/G), rs4919687(C/T), rs743572(C/T), rs11191548(T/C); OR and 95% CI were calculated by a haplotype-based logistic regression analysis. Haplotypes with frequencies<0.01 were not included in this table; p-value<0.05 was considered statistical significance. * Indicated that the p-value remained significant after Bonferroni correction (p<0.05/8).
argued against them and indicated that the rs11191548 C-allele might be a risk factor for EH. A study among the Shanghai Han Chinese population found that the risk C-allele was associated with increased SBP levels and increased hypertension risk (in an additive genetic model) [21] . Another study conducted in the adult She ethnic minority from Ningde City in Fujian province of China came to the same conclusion [23] . In our present study, by adjusting for age, gender, and BMI, the minor C-allele of rs11191548 was found to be significantly associated with decreased EH risk and BP levels, and the subjects with TC+CC genotypes were found to have lower EH risk and BP levels than the subjects with TT genotype. Indeed, individuals who carried the C allele of rs11191548 could be less susceptible to EH among the Yunnan Han population. Our finding among the Yunnan Han Chinese population was in accordance with the reports of Newton-Cheh et al. [10, 12, 13, 15, 18, 20, 22, 24] . However, this result was in contrast to what Li et al. [21, 23] found in their study. This inconsistency could be attributed to the different genetic backgrounds, living habits, and environmental factors among different populations. It was not hard to see that people from different ethnic groups or just from different regions in the same country could also demonstrate certain genotype differences. Even though the researches were conducted in one country, our study conducted in the Yunnan Han Chinese population was in contrast to the She population in Fujian [23] and the Han population in Shanghai [21] .
Detection of intron 1 rs4919687 (c.298-99C>T) polymorphism in our samples indicated that the minor T-allele and TT+CT genotype of this polymorphism were found to be significantly associated with the increased risk of EH and level of SBP among the Yunnan Han Chinese population. Indeed, the T-allele of this polymorphism seemed to be a risk factor for EH in this population. To date, only a little is known about the association of this polymorphism with EH. The TC genotype of rs4919687 was found to be a protective genetic marker for EH among the Uighur population [36] . Previous studies have shown that the polymorphisms localized in the introns and exons close to the splice site would have effects on the process of mRNA splicing [37] . In the bioinformatics analysis, it was observed that the c.298-99C>T (rs4919687) led to the destruction of ESS (including ESR and Motif 3) sites, thereby enhancing the process of splicing. It was also known that the SNPs localized in regulatory regions within introns or in the regions between genes were called regulatory SNPs, and that these regulatory SNPs affected gene regulation by changing transcription factor (TF) binding affinities to genomic sequences [38] . Also, the functional effect of this intronic polymorphism on the expression level of the CYP17A1 gene was predicted by p-match. The result indicated that the single nucleotide substitution of G®A at position 298-299 in intron 1 of CYP17A1 could transform the sequence structure of the TF AREB6 binding site, thereby influencing TF AREB6 binding affinities to its binding site localized in this gene. Taken together, our findings suggested that the C®T single nucleotide substitution of the intronic polymorphism rs4919687 was strongly associated with EH in our samples by affecting the process of CYP17A1 mRNA splicing and by changing binding affinity with TF AREB6.
The rs743572 (c.-34T>C) was localized at the 5' untranslated region of the CYP17A1 gene. Currently, the relation of rs743572 polymorphism and EH has not been clarified domestically or abroad. An associated study among European ancestry participants from the Cohorts for Heart and Aging Research in Genomic Epidemiology (CHARGE) Consortium indicated that polymorphism rs743572 was associated with BP traits [39] . Another recent study conducted in patients with arterial hypertension and cardiac left ventricular ejection fraction revealed that no significant association was found between SNP rs743572 and mean 24-h systolic or diastolic BP [40] . In our study, no association was observed between this polymorphism and EH among the Han Chinese population.
The polymorphism rs1004467 (c.666+35T>C) localized in intron 3 of the CYP17A1 gene has been investigated in lots of association studies of complex polygenic disease. Several hypertensive association studies among Japanese [17] and Shanghai Han Chinese [20] have reported that the minor allele-A of rs1004467 could be a risk factor for EH. On the contrary, insignificant associations with EH or BP traits were reported in the populations of Beijing Chinese children [25] and of Han and Uighur in Xinjiang province of China [36] . In our study, no association was observed between this polymorphism and EH among the Han Chinese population in Yunnan province. The failure to find an association among our study sample could be attributed to the insufficient sample size. Further study in a larger sample size from the Yunnan Han Chinese population is needed to identify its relationship with EH. The bioinformatics analyses found that the sequence (CTAGTAGACC) containing the major/minor allele of rs1004467 could be captured by the TF c-Rel, but this mutation could not affect the binding affinity between this TF c-Rel and its binding site.
In recent years, there were only a few studies about the interactions between two polymorphisms, i.e., rs4919686 (1139+19T>G) and rs3740397 (969+75C>G), and occurrence of complex diseases. The AC genotype of rs4919686 was found to be a protective genetic marker for EH among the Uighur population [36] . Our present study among Han Chinese populations showed no association of these two polymorphisms with EH.
Regarding rs755443 (c.437-83C>T) and rs762563 (c.66C>G) polymorphisms, no studies have been reported about these two variants. Our present study among the Yunnan Han Chinese population showed no association of these two polymorphisms with EH.
In order to enhance the study power, haplotype analysis was performed. Few studies have been done to investigate the effects of haplotypes localized in the CYP17A1 gene on EH. An associated study conducted among the Uighur population indicated that the distributions of the haplotypes established by rs4919686-rs4919687, rs4919686-rs10786712, rs4919686-rs4919687-rs2486758, and rs4919686-rs10786712-rs2486758 were significantly different between the EH patients and control subjects [36] . In our present study, H2 (rs4919686A, rs3740397G, rs4919687C, rs743572C, rs11191548C) was found to significantly decrease the risk of EH and seemed to be protective, whereas H6 (rs4919686A, rs3740397G, rs4919687T, rs743572C, rs11191548T) was found to significantly increase the risk of EH and seemed to be risky. Indeed, the risk effect of rs4919687-T was shown in haplotype H6 and not shown in H2, whereas the protective effect of rs11191548-C was shown in H2 and not shown in H6. Coincidentally, H6 showed a significant association with the increased risk of EH, whereas H2 showed a significant association with the decreased risk of EH. The result of linkage disequilibrium analysis, that the rs11191548 and rs4919687 were found in linkage disequilibrium in both control and case groups among the Yunnan Chinese Han population, was in accordance with the haplotype analysis. Indeed, these two analyses suggested an additive effect of the rs11191548 and rs4919687 polymorphisms.
It is tempting to suggest that the mutations of the CYP17A1 gene might be a genetic risk factor for EH among the Chinese Han population. Indeed, cytochrome P450C17 (steroid 17a-hydroxylase/17, 20-lyase; EC 1.14.99.9) is a single microsomal enzyme, which has catalytic activities for the synthesis of mineralocorticoids and sex steroids, respectively [41] . Human expression of CYP17A1 in the fasciculate pregnenolone is converted into 17a-hydroxypregnenolone, which is oxidized to 17a-hydroxyprogesterone by 3b-hydroxysteroid dehydrogenase, followed by 21-hydroxylation by CYP21A2 to 11-deoxycortisol. 11-Deoxycortisol and 11-deoxycorticosterone then enter the mitochondria, where they are acted upon by the CYP11B1 enzyme that is specific to the zona Fasciculata to generate cortisol and corticosterone, specifically [42] . The single nucleotide polymorphism of the CYP17A1 gene may lead to deficiency of the P450C17 enzyme activity, which forces steroidogenesis to corticosterone rather than cortisol via 11-deoxycorticosterone, which in human beings is normally a very minor adrenal product. 11-Deoxycorticosterone, however, is a kind of mineralocorticoid, which is slightly less potent than aldosterone [30] . The state of mineralocorticoid 11-deoxycorticosterone excess is characterized by hypertension, hypokalemia, suppressed plasma renin activity, and low aldosterone concentrations [43] . As both renin and aldosterone play vital roles in the renin-angiotensin-aldosterone system (RAAS), SNPs in this gene might result in a suppressed RAAS characterized by abnormal blood pressure [44] . Taken together, our findings suggested that these two CYP17A1 polymorphisms rs11191548 and rs4919687 being in linkage disequilibrium could be a risk factor for EH among the Yunnan Han Chinese population, which provided new insights into the genetics and biology of blood pressure, and pointed out potential novel therapeutic pathways for cardiovascular disease prevention.
Some potential limitations of our study should be noted. Firstly, we did not collect data on antihypertensive medicine levels and drug compliance. Secondly, this study was limited by the relatively small sample size; a large number of clinical samples are needed in future studies.
Conclusions
In conclusion, this is the first study to investigate the contribution of CYP17A1 variants in inducing the susceptibility to EH among the Southwest Han Chinese Population in Yunnan province, and is the first haplotype-based case-control study to correlate its association with EH. Two polymorphisms, i.e., rs11191548 and rs4919687, of the CYP17A1 gene were found to be significantly associated with EH in the Yunnan Han population of China. The C-allele of rs11191548 could be a protective genetic marker for EH, and the T-allele of rs4919687 could be a risk genetic marker for EH among this population. However, future studies should be performed with a large sample size.
